Introduction
For the closed loop control of pneumatic actuators with small volumetric displacement, miniature 4/3-way directional control proportional valves having max. flow rate of less than 15 1/min are frequently required. If they are to be directly installed on the actuators, they must be small in size.
And the price should be also acceptable to promote their commercial application such as position or force control of robotic fingers [1, 2] .
In this paper, a new proportional solenoid developed for a miniature 4/3-way directional proportional valve will be introduced. (a) Magnetic force-to-current curve (b) Force-to-armature displacement curves Table 1 shows the design specification of the double flapper nozzle valve. When a ramp signal was applied, max. control error of 0.15 mm could be registered(see Fig. 10b ). The results were good enough to verify the usefulness of the new valve mechanism [2, 5] , considering that the hysteresis error of the valve has significant influence on the control error.
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Step-input response (b) Ramp-input response Fig. 10 Step-input response of a position-controlled pneumatic cylinder 
